Chloroplast translational initiation factor 3 : purification and characterization of multiple forms from Euglena Gracilis by unknown
T H E  JOURNAL OF BIOLOGICAL CHEMISTRY 
IC> 1991 by The American Society for Biochemistry  and Molecular Biology, Inc 
Vol. 266, No. 26, Issue of September 15, pp. 17079-17083, 1991 
Printed in U. S. A.  
Chloroplast  Translational  Initiation  Factor 3 
PURIFICATION AND CHARACTERIZATION OF MULTIPLE FORMS FROM EUGLENA GRACILIS* 
(Received for publication,  January 17, 1991) 
Chia-Chang  Wangz  and  Linda L Spremulligll 
From  the  $Department of Biology  and  the  §Department of Chemistry,  University of North Carolina,  Chapel  Hill, 
North Carolina 27599-3290 
The chloroplast translational initiation factor 3 (IF- 
& , , )  has been purified by a combination of gravity and 
high pressure liquid chromatographic steps. IF-3eh~ ac- 
tivity has been resolved into three forms designated a, 
0, and y. Analysis by sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis indicates that the a form 
corresponds to a single polypeptide with a molecular 
mass of approximately 34 kDa. The B and y forms have 
been purified to near homogeneity, and both forms 
appear  to function as monomers with molecular masses 
of about 39-42 kDa. All three forms are heat stable. 
All the forms of IF-&l detected enhance the poly 
(A,U,G)-dependent binding of the initiator tRNA to 
chloroplast 30 S ribosomal subunits in the presence of 
Escherichia  coli IF-1 and IF-2. The chloroplast factor, 
unlike the corresponding bacterial factor, does not 
have a strong RNA binding activity. 
The  mechanism of protein  synthesis  in  chloroplasts  resem- 
bles  that  in  prokaryotes  in several  basic  respects. For example, 
chloroplast  and  bacterial ribosomes are  about  the  same size, 
and  both  are susceptible to a similar  spectrum of antibiotics 
(1). In  addition,  the  methionine  bound  to  the  initiator  tRNA 
is formylated in  chloroplasts  as  it  is in bacterial  systems  (2). 
In Escherichia coli the  initiation of protein  synthesis  requires 
three auxiliary factors.  Initiation  factor  (IF)' 2 promotes  the 
binding of fMet-tRNAf  to 30 S ribosomal subunits  (3).  Initi- 
ation  factor 1 (IF-1)  promotes  the  function of IF-2  and also 
stimulates  the  activity of the  third  initiation  factor  (IF-3). 
IF-3  binds  to  the 30 S ribosomal subunit  and  prevents  the 
joining of the 50 S subunit.  In  this way it helps to  ensure a 
supply of small  subunits for initiation complex formation  (4). 
In  addition, E. coli IF-3  is  thought  to  promote  codon-antico- 
don  interaction between fMet-tRNAf  and  the  start codon in 
the mRNA and to proofread this interaction ( 5 ) .  IF-3 has 
been purified from both Gram-positive and Gram-negative 
bacteria (6-8). In  all  prokaryotic  organisms  examined  to  date 
IF-3 is a basic protein with  a  molecular  weight of about 23,000 
and functions as a monomer (9). Two forms of the E. coli 
factor have been purified which differ by six amino  acids  at 
the N terminus (10). No factor directly comparable to the 
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prokaryotic IF-3 is present in the eukaryotic cytoplasmic 
system. Rather, the role of 80 S ribosome dissociation is 
undertaken by several initiation  factors including eIF-6,  eIF- 
3, and  eIF-4C (11). Recent work by Donahue et al. (12) has 
suggested that  the  proofreading role of E .  coli IF-3 may be 
carried  out by the p subunit of eIF-2  in  the  eukaryotic system. 
In  addition, Cigan et al. (13) have  shown that  codon-anticodon 
interaction between Met-tRNAi  on  the  scanning 40 S subunit, 
and  the  first AUG codon in  the  mRNA plays an  important 
role in directing the ribosome to the eukaryotic initiation 
region. 
Two translational initiation factors have been identified 
from the chloroplasts of Euglena gracilis (14, 15). IF-&hl is 
present in large multiple molecular weight complexes that 
distinguish  it from the  corresponding  factors found  in other 
systems  (16). I t  is  not  active in promoting  initiation complex 
formation  on E .  coli ribosomes (14).  The  chloroplast  transla- 
tional  initiation  factor 3 (IF-Qch1) has also  been  identified  from 
E. gracilis (15).  Like E. coli IF-3,  the E .  gracilis IF-3chl facili- 
tates  the dissociation of 70 S ribosomes and  promotes  initia- 
tion complex formation  (15).  It is active  on  both  chloroplast 
and E. coli ribosomes. IF-3chl is the  product of a  nuclear gene, 
and  its  expression  is  light inducible (17).  In  the  present work 
we report  the  purification  and  preliminary  characterization 
of  IF-Qchl from E. gracilis. 
EXPERIMENTAL  PROCEDURES 
Materials 
Phosphocellulose P11 and DEAE-cellulose  DE52 resins were pur- 
chased  from  Whatman.  Hydroxylapatite Ultrogel  resin was purchased 
from Pharmacia LKB Biotechnology Inc. HPLC columns TSKgel 
SP-5PW (7.5 X 75 mm)  and  TSKgel  DEAE-5PW (7.5 X 75 mm) were 
purchased  from  Beckman;  the  TSKgel  heparin-5PW (7.5 X 75 mm) 
was purchased  from Supelco. HPLC  SOTA GF-200 Sotaphase (7.1 X 
300 mm) was purchased  from  Rainin. Amicon concentrators models 
8050 and 8400, Centricon 10, and YM-10 membranes were from 
Amicon Corp. Poly(A,U,G)  and GTP were obtained from Pharmacia. 
Crude  y ast  RNA was from  Boehringer  Mannheim.  Phos- 
pho(enol)pyruvate, pyruvate kinase, phenylmethylsulfonyl fluoride, 
and glycerol were from Sigma.  Nitrocellulose membrane  filter  paper 
(type HA) was from Millipore Corp. Pure nitrocellulose membrane 
filter  paper was from  Schleicher & Schuell.  ["'S]Methionine was from 
DuPont-New England Nuclear. Yeast ["5S]formylmethionyl-tRNAi 
(60,000-S0,000 cpm/pmol) was prepared  as described  previously (18). 
Chloroplast 30 S ribosomal subunits were prepared by the  method of 
Graves  and  Spremulli (18). The  construction of the plasmid pRbcN 
and i n  uitro transcription  reactions were carried  out  as described (19). 
This  construct  contains exon I of the gene for the large subunit of 
ribulose 1,5-bisphosphate carboxylase (rbcL) from E. gracilis chloro- 
plasts fused in  frame  to  an  internal  portion of the neomycin resistance 
gene. The labeled transcript  synthesized from this vector is  designated 
RbcN  mRNA  (19). 
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Buffers 
Buffer 1 contains 100 mM Tris-HC1, pH  8.5,50 mM NH4C1, 40 mM 
MgC12. Buffer 2 contains 50 mM Tris-HC1, pH 7.8, 50 mM NH4C1 
(unless otherwise indicated), 0.1 mM EDTA, 12 mM 2-mercaptoeth- 
anol,  and 10% glycerol. Buffer  3 is  the  same  as Buffer 1 except that  
EDTA  is  omitted. Buffer  4 contains  50 mM Tris base,  192 mM glycine, 
and 0.1% SDS. 
Growth of Cells and  Preparation of Extracts 
The growth of E. gracilis Klebs  var. bacillaris Cori (E. gracilis B) 
and  the light induction of chloroplast development were carried  out 
as  described (15).  In general,  cells were grown in  eight  bottles  con- 
taining 10.5 liters of media each.  Typically one  bottle yielded about 
20 g of cells. After harvesting, cells were washed in Buffer 1, fast 
frozen in a  dry-ice/isopropyl  alcohol bath,  and  stored a t  -70 "C until 
use. The postribosomal supernatant was prepared as described (15) 
except  the  concentration of Tris-HC1  in  the cell-breaking  buffer  was 
100 mM instead of 50 mM, and 0.1 mM phenylmethylsulfonyl fluoride 
was included. 
Assays 
The activity of IF-Qchl  was  assayed as described  (15). One  unit  is 
defined as  the  amount of IF&,l required  to  promote  the  binding of 1 
pmol of [:''S]fMet-tRNA, during  initiation complex formation.  During 
purification,  protein  concentrations were determined by the  proce- 
dure of Sedmak  and Grossberg (20)  with modifications  described  by 
Bearden  (21) using  bovine serum  albumin  as a standard. 
Purification of IF-gchl 
Phosphocellulose (P11) Column-All chromatographic procedures 
described below were carried out a t  4 "C. In a typical scheme a 
postribosomal  supernatant (500 ml containing 8,050 mg of protein) 
prepared from 340 g of cells  was applied to  a phosphocellulose  column 
(160 ml, 4.1 X 12 cm) equilibrated with Buffer 2. The column was 
washed with Buffer 2 at  a flow rate of 1.5 ml/min until the was 
less  than 0.1. The flow-through material  containing  IF-Qchl was  col- 
lected, fast frozen in a dry ice/isopropyl  alcohol bath,  and  stored at 
DEAE-cellulose (DE52) Column-The phosphocellulose sample 
(370 ml containing 4,450 mg of protein) was applied to  a DEAE- 
cellulose column  (110  ml, 2.8 X 18 cm)  equilibrated  in Buffer 2. After 
all the sample was loaded, the column was washed with Buffer 3 
containing 100 mM NH,Cl until  the  absorbance a t  280 nm was less 
than 0.1. The column was then developed a t  a flow rate of 1 ml/min 
with a  5-fold  column  volume gradient of increasing NH4C1 (100-400 
mM) in Buffer 3. Fractions (7-8 ml) were collected. The fractions 
containing IF-Qrhl activity were pooled, fast frozen, and stored as 
described above. 
Hydroxylapatite (Ultrogel HA) Column-The DEAE-cellulose sam- 
ple  (570 mg of protein  in 160 ml) was applied a t  a flow rate of 1 ml/ 
min to a hydroxylapatite column (1.0 X 24 cm) equilibrated with 
Buffer 3. The column  was  washed with  this buffer until  the APRU was 
less  than 0.1. A linear  gradient (190 ml)  from 0 to  200 mM 
(NH4),HP04  in Buffer 3 was then applied, and fractions (7-8 ml) 
were collected. The active fractions were pooled, concentrated 5-10- 
fold with an Amicon 8050 or 8400 concentrator, dialyzed against 
Buffer  2 containing 150 mM NH,CI, and  stored as described  above. 
HPLC TSKgel SP-5PW Column-A sample of the  hydroxylapatite 
column  material (10.5 mg) was applied  to  an  HPLC  TSKgel  SP-5PW 
column equilibrated with Buffer 2 containing 150 mM NH4C1. A 
linear  gradient from  150 to  270 mM NH,Cl in Buffer  2  was  developed 
at a flow rate of  0.25 ml/min over a 200-min  period. Fractions (0.50- 
0.75 ml) were collected in  Eppendorf  tubes.  Three  peaks of IF-&hl 
activity (designated a, 6, and y) were resolved on this column. 
Appropriate  fractions were pooled and dialyzed against  the desired 
buffer (see below), and  the  samples were fast frozen and  stored as 
described  above. 
Further Purification of IF-Qchlcy-A sample of IF&,l cy from  HPLC 
TSKgel  SP-5PW (0.24 mg) was applied to a TSKgel  Heparin-5PW 
column equilibrated in Buffer 2 containing 255 mM NH4C1. This 
column was developed with a linear gradient from 255 to  355 mM 
NH4C1 in Buffer 2 at  a flow rate of 0.25 ml/min over a 200-min 
period.  Fractions (0.5  ml) were collected in  Eppendorf  tubes. A  single 
peak of activity appeared a t  about 300 mM NH4C1. These  fractions 
were pooled and fast frozen as described above. 
Further Purification of ZF-3,hl &The IF-Qchl 13 sample  from  TSKgel 
-70 "C. 
SP-5PW (0.09 mg) was applied to a TSKgel DEAE-5PW column 
equilibrated  in Buffer 2 containing 120 mM NH,Cl. This column  was 
developed with a linear  gradient  from 120 to 220 mM NH4C1 in Buffer 
2 a t  a flow rate of 0.25 ml/min over  a  200-min  period. Fractions (0.75 
ml) were collected in Eppendorf tubes. A single peak of activity 
appeared at  about 155 mM NH,Cl. These  fractions were pooled and 
dialyzed against Buffer  2 containing 265 mM NH,CI, and  the sample 
was fast frozen and stored as described above. This sample was 
purified further by chromatography  on a TSKgel  Heparin-5PW col- 
umn.  The  column was equilibrated in Buffer 2 containing 265 mM 
NH4C1, and a linear gradient was developed from 265 to 365 mM 
NH4C1  over  a  200-min  period a t  a flow rate of 0.25 ml/min.  Fractions 
(0.75 ml) were collected in  Eppendorf  tubes. IF-QChl 0 was eluted a t  
310 mM NH,Cl on TSKgel Heparin-5PW as a single peak. The 
sample was fast frozen and  stored  as described above. 
Further  Purification of IF-3ah~ y-The TSKgel  SP-5PW  IF-gchl y 
sample (0.07 mg) was dialyzed into Buffer 2 containing 265 mM 
NH,Cl and  applied  to a TSKgel  heparin-5PW column and purified 
as described  for 0. IF-Qrhl y was eluted a t  320 mM salt  as a 
single peak. 
Gel Permeation Chromatography 
The  HPLC gel filtration  column  SOTA GF-200 Sotaphase was run 
in Buffer  2 containing 400 mM NH4C1. A sample (18 pg, 0.13 ml, 100 
units) containing all 3 forms of IF-Schl was applied together with 
molecular mass  markers  hen egg albumin  (45  kDa)  and  cytochrome 
c (12.4 kDa).  Chromatography was carried  out at  a flow rate of 0.4 
ml/min,  and  fractions of  0.2 ml were collected. 
Electrophoretic Procedures 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) was carried  out according to Laemmli (22)  in Buffer  4 with a 
Miniprotein I1 apparatus  (Bio-Rad)  using a 12.5% resolving gel and 
a 4% stacking gel. Protein  bands were visualized  by  silver staining  as 
described (23). 
RESULTS  AND  DISCUSSION 
Purification of ZF-3,h~-Previous  work (15) from this labo- 
ratory resulted in the identification and  partial purification 
of IF-Qchl from E. gracilis. Since it is not feasible to isolate 
reasonable yields of intact chloroplasts from E. gracilis, IF- 
3chl has been identified in whole  cell extracts from this orga- 
nism. Several lines of evidence argue that  this factor functions 
in chloroplast translation. First, this factor is induced by 
exposure of the cells to light, a phenomenon characteristic of 
the chloroplast translational components in E. gracilis which 
is not observed with the cytoplasmic or mitochondrial trans- 
lational machinery (14, 24-27). Second, this factor cannot be 
detected in extracts of an aplastidic mutant of E. gracilis even 
when the organism is exposed to light.' Finally, this factor is 
active on chloroplast ribosomes but  not on eukaryotic cyto- 
plasmic ribosomes whereas the eukaryotic cytoplasmic factor 
eIF-6 is not active in the assay used here. 
We have now developed a complete purification scheme for 
IF-Qchl using a combination of gravity and  HPLC columns. In 
the first step of the purification scheme the postribosomal 
supernatant is applied to a phosphocellulose column. IF-&hl 
is not retained by this resin even at low salt concentrations. 
The flow-through from the phosphocellulose column also 
contains more than 50% of the total protein and probably 
does not result in a significant purification of IF&,l.  However, 
this  step is  used to separate IF-Qchl  from  lF-Bchl (16)  and  has 
been incorporated into  the purification scheme for this reason. 
Because of the small amount of IF-&l present in whole  cell 
extracts its activity cannot be detected accurately in the 
postribosomal supernatant or in the flow-through from the 
phosphocellulose column. This preparation is then applied to 
a DEAE-cellulose column. IF&hl activity is eluted from this 
resin as  a single peak at about 190 mM NH4C1. The activity 
B.  L.  Kraus,  unpublished  observations. 
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of IF-&hl can be measured accurately after purification on 
DEAE-cellulose. The recovery from this  column  is  set  at 100% 
for simplicity (Table  I). Over 80% of the  protein applied to 
the column is removed in  this  step,  and we estimate  that  it 
results in about a  5-fold purification of The DEAE- 
cellulose preparation of IF-3ch~  is purified further by chroma- 
tography on a hydroxylapatite column. IF-Qchl is eluted at 
about 130 mM (NH4)*HP04  and  is well separated  from  the 
bulk of the protein. About 60% of the IF-Qrhl activity is 
recovered from this column with a 26-fold enrichment in 
activity  (Table  I). 
The  hydroxylapatite  sample is purified further by HPLC 
(Fig. 1) using  a TSKgel  SP-5PW column. This  step resolves 
IF-&hl into  three  peaks of activity  designated IF-3chl a,  /3, and 
y (Fig. 1). The  three  forms of IF-Qchl resolved by this procedure 
have each been purified 5-15-fold by this  step  (Table I), and 
analysis by SDS-PAGE indicates these samples are about 
20%  pure  (data  not  shown).  The  amount of IF&,l activity in 
each of these  peaks  varies  somewhat from one  preparation of 
IF-Qchl to another. However, the total recovery is generally 
about 25-30% (Table  I). Only fractions  containing  the  highest 
amounts of IF-3chl  activity  are pooled from  this column. This 
approach  results  in a better  purification of the  factor  but gives 
a lower total recovery. 
We have  developed  a scheme for the  further  purification of 
the a,  p, and y forms of The a sample from the 
TSKgel SP-5PW column is purified further on a TSKgel 
heparin-5PW column (Table I). IF-3chl a activity  elutes from 
this resin as a single peak at about 300 mM salt. Analysis of 
various  fractions from this column by SDS-PAGE  indicates 
that  active  fractions generally contain two polypeptide bands 
having molecular masses of about 36 and 34 kDa (Fig. 2). An 
evaluation of the units of IF-3rhl in each fraction (Fig. 2) 
indicates  that at least a portion of IF-3chl a resides in  the 34- 
kDa polypeptide corresponding  to  the lower band in Fig. 2. At 
the  present  time  it is unclear  whether  the higher  molecular 
mass  band  is a contaminating  protein or is  an  alternate form 
of IF+hl. The recovery of activity is about 50-60% of the 
input  units. Because of the very low quantity of sample off 
the  TSKgel  SP-5PW  step,  the  protein  concentration of this 
sample could not be determined  accurately.  The values pro- 
vided  in Table I should be regarded as  estimates only. 
The  IF-3chl p sample  from  the  TSKgel  SP-5PW column is 
purified further by chromatography  on a TSKgel  DEAE-5PW 
column from which it  elutes  as a  single peak at  about 150 mM 
salt.  SDS-PAGE  indicates  that  this  preparation  contains only 
two protein  bands  in  contrast  to  the 13-15 bands  present in 
the  input  material  (data  not  shown).  The recovery of activity 
is about  40% of the  input  units.  The  contaminating  protein 
is removed by chromatography on a TSKgel heparin-5PW 
column  as described under  "Experimental Procedures." This 
step results in a homogeneous preparation of IF-3ch~ p as 
indicated by SDS-PAGE.  The purified IF-3ch~ p appears  to be 
a  polypeptide with a  molecular  weight of about 40,000 (Fig. 3, 
lune I). The recovery in the last step of the purification 
scheme  is  about 50-60% of the  input  units  (Table  I). 
The IF-&hl y sample  is purified further  on a TSKgel  hepa- 
rin-5PW column (Table  I).  This  step  results  in  the purifica- 
tion of  IF-Qchl y to  near homogeneity.  Analysis on  SDS-PAGE 
indicates that the purified factor consists of a polypeptide 
with a  molecular  weight of about 40,000 (Fig. 3, lune 2 ) .  The 
migration of IF-Qchl p and y is indistinguishable on SDS- 
PAGE  although  these two forms  can be separated by chro- 
matography  on  HPLC resins. These two forms of IF-3ch~  are 
eluted reproducibly at  slightly different salt concentrations 
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FIG. 1. TSKgel SP-5PW chromatography of a hydroxylapa- 
tite-purified preparation of IF-3ehl. Chromatography was carried 
out  as described under  "Experimental Procedures."  Aliquots (5 p l )  of 
various fractions were assayed for IF-Qrhl activity (-O-j, and the 
absorbance a t  280 nm (-j was monitored on a 0-0.1 absorbance 
scale. 
TABLE I 
Purification of IF-3,,,, 
Data  are based on  the  postribosomal  supernatant  prepared from 340 g of cells. 
Step  Protein  Activity  Specific  activity Recovery Purification 
Postrihosomal  supernatant 
Phosphocellulose P11 
DEAE-cellulose DE52 
SP-5PW  HPLC  totalh 
Hydroxylapatite 
Peak 1 ( a )  
Peak 2 (0) SP-5PW 
Heparin-5PW ( C Y )  
Heparin-5PW (8) 
Peak 3 (y) SP-5PW 
Heparin-5PW (y j 














































" IF-3rhl activity  cannot be accurately  measured in the  postribosomal  supernatant  or  in  the phosphocellulose 
flow-through. The activity from the DEAE-cellulose  column represents  the first, accurate  measure of IF-3,,, activity, 
and  the recovery of this  column  is  set a t  100% for simplicity. 
'Total  proteins  and  activities  after  this  step  are  presented by estimation. 
' Purity of three  forms of IF-Qchl are individually compared  with  that of DE52 stage. 
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Fraction  Number 51 54 58 60 63 
_.  - =“I 
Activity(units) 0.12 0.33 0.45 0.30 0.15 
FIG. 2. SDS-PAGE pattern and  the activity of IF-3ehl a in 
TSKgel heparin-5PW fractions. Aliquots (20 pl)  from TSKgel 
heparin-5PW fractions were analyzed by SDS-PAGE, and the cor- 
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FIG. 3. SDS-PAGE analysis of purified IF-3eh, fl  and y. Sam- 
ples (20 pl)  of  the purified /3 and y forms of IF-Qrhl  were analyzed by 
SDS-PAGE.  The molecular mass markers used were bovine serum 
albumin, hen ovalbumin, a chymotrypsinogen, and cytochrome c. 
h f l e  I ,  IF-&! p; h f l e  2, IF&,l 7. 
on  the  SP-5PW column even after rechromatography of the 
samples. In addition, they  elute at  different salt concentra- 
tions during chromatography on heparin-5PW resins. The 
high resolutions possible on HPLC resins may result  in the 
separation of forms of the protein which have arisen by events 
such as  the nonenzymatic deamination of asparagine or glu- 
tamine residues to  the corresponding acid forms resulting  in 
a slight change in the surface charge of the protein. Hence, 
we cannot at  this time determine the relationship between 
these two forms of IF-&hl. We suspect that  they  are closely 
related and will differ by only a few amino acids or by post- 
translational modification. 
Starting with over 300 g of light-induced E. gracilis cells, 
we obtain  a total of approximately 20-30 pg of IF-&l. The 
low levels of protein  present  in the purified material  make  a 
direct determination of the final specific activity difficult; 
however, we estimate that  the specific activities from these 
preparations are about 1-3 X lo4 units/mg. This value is 
comparable to  that obtained  with E. coli IF-3 when it  is tested 
in our assay system. We believe that IF-&,l has been purified 
approximately 5,000-fold over the postribosomal supernatant 
as a  result of the purification scheme  presented. 
As indicated above, much of the activity of IF&l resides 
in a polypeptide with  a molecular mass of about 40 kDa. This 
observation is somewhat surprising since IF-3 from E. coli 
and all other prokaryotes  tested is a single polypeptide with 
a molecular mass of  23 kDa (9). Despite a considerable differ- 
ence in size, the chloroplast factor will replace the bacterial 
factor in initiation complex formation  on E. coli ribosomes. 
In  this respect, IF&,[ is reminicent of E. gracilis EF-Tschl 
(28). This elongation factor is a  little more than twice the size 
of the corresponding E. coli EF-Ts but will replace it in 
elongation assays in the bacterial system (28). The reason 
behind the unusually large size of IF&,l and EF-Tsehl remains 
an intriguing mystery. 
Properties of I F - ~ , , , ~ ” T O  determine whether IF-Qchl exists 
primarily  in  a monomeric or in an oligomeric form, a sample 
containing all three forms of  IF-Qchl was applied to  an  HPLC 
gel filtration column. As indicated in Fig. 4, IF-SChl activity 
migrates slightly ahead of the 45-kDa marker, with a small 
shoulder seen following the main activity peak. Chromatog- 
raphy of the IF-Qchl preparation  on the  HPLC gel filtration 
column was carried out in a buffer containing high salt 
concentrations to reduce electrostatic interactions between 
the factor and  the resin. However, a  similar molecular weight 
was also obtained using gel filtration chromatography at  ionic 
strengths comparable to those used in the assay system and 
performed on Sephadex G-75, Sephacryl S-200, or AcA 54 
Ultrogel resins (29). The gel filtration  results agree with the 
SDS-PAGE  analysis and indicate that IF-&hl functions as a 
monomer. 
IF&,l activity is determined routinely by its ability to 
stimulate  the binding of fMet-tRNAi to E. coli 70 S ribosomes. 
The  three forms of  IF-&hl all have similar  activities on E. coli 
70 S ribosomes (Table I). All three forms of  IF&l are quite 
heat stable and can be incubated at  65 “C for 30 min with no 
decrease in their activities (data  not shown). In  this respect 
the chloroplast  factor is similar to E. coli IF-3 which is also 
quite heat stable. However, all three forms of  IF-3,hl are 
unstable when the total protein concentration is less than 
about 20 pg/ml (data  not shown). Treatment with the sulfhy- 
dryl reagent N-ethylmaleimide does not result  in  a significant 
loss of the activity of  IF-&,!. 
E. coli IF-3  has a high affinity for polynucleotides to which 
it binds readily in a sequence independent fashion. This 
interaction has been measured in several ways including sedi- 
mentation  partition chromatography (30), fluorescence spec- 
troscopy (31), and circular dichroism (32). This factor is 
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FIG. 4. Chromatography  of partially purified I F - 3 e ~ ~  on an 
HPLC gel filtration column. Chromatography was carried out as 
described under “Experimental Procedures.” The absorbance of mo- 
lecular weight markers present in the sample was monitored on a 0- 
1 absorbance scale (-), and aliquots (40 pl) were assayed for IF&! 
activity (-O-). 
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FIG. 5. RNA binding activity of IF-3ehl and E. coli IF-3. 
Reaction mixtures (200 pl) contained 50 mM Tris-HC1, pH 7.8, 50 
mM NH,Cl, 1 mM MgC12, 0.025 mM GTP, 0.125 mM phos- 
pho(enol)pyruvate, 0.006 units of pyruvate  kinase, 20 units of RNasin, 
6.25 pmol of RbcN  mRNA (2880 cpm/pmol)  and E. coli IF-3 or a SP- 
5PW HPLC  preparation of IF-3ehl y as indicated.  Incubation was for 
15 min a t  37 “C.  Reactions were terminated by the  addition of 5 ml 
of cold buffer containing  the  same ionic conditions used in  the  assay. 
Samples were filtered through nitrocellulose membrane  filters  that 
were washed and  counted for radioactivity  as described (15). 
TABLE I1 
Stimulation of 30 S initiation complex formation by ZF-3,ht 
Reaction  mixtures (50 pl)  contained 50 mM Tris-HC1, pH 7.8, 80 
mM NH,Cl, 7 mM MgCI,, 0.25 mM GTP, 1.25 mM phospho 
(enol)pyruvate, 0.06 units of pyruvate  kinase, 3 pg of poly(A,U,G), 
3.4 pg (0.05 AaeO units) of chloroplast 30 S subunits, 0.27 pg of E. coli 
IF-1, 0.55 pg of E. coli IF-2, 0.6-0.7 units of IF-3=hl (either a hydrox- 
ylapatite  preparation  containing  all  three  forms  or SP-5PW HPLC 
preparations of the  separate 01, p, and y forms  as  indicated).  Reaction 
mixtures were incubated  and  analvzed  as described (15). 
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thought  to  bind  to several  regions of the  16 S rRNA  in  the 30 
S subunit  during  initiation complex formation (33). We have 
compared  the  RNA  binding  ability of E. coli IF-3  and  IF&,] 
using  an in vitro RNA  transcript  (see  “Experimental  Proce- 
dures”). E. coli IF-3 binds RNA readily as indicated by a 
nitrocellulose filter  binding  assay (Fig. 5 ) .  In  contrast, when 
comparable levels of IF-3chl are tested, little if any RNA 
binding  activity  can  be observed. This  result suggests that  IF- 
3chl does not  have a high affinity for RNA  and may interact 
with  the 30 S subunit  in a manner  quite  different from that 
observed with E.  coli IF-3.  This  factor may actually  interact 
more  strongly  with  the basic proteins of the  subunit  than  with 
the rRNA. This idea is  compatible  with  the  chromatographic 
behavior of both factors. E. coli IF-3  is  strongly  retained  on 
phosphocellulose  which  mimics the backbone of nucleic  acids 
while IF-Qchl is  not  retained  on  this resin. 
Previous work (15) has shown that IF-&l stimulates  initi- 
ation complex formation on 70 S ribosomes. This activity 
arises at  least  in  part  from  its  action  as a ribosome  dissociation 
factor.  We have found  that  IF-&~I also facilitates  the  forma- 
tion of chloroplast 30 S initiation complexes in  the presence 
of poly(A,U,G) and E. coli IF-1  and IF-2. All three  forms of 
IF-3chl stimulate  the  poly(A,U,G)-directed  binding of M e t -  
tRNAi  to 30 S subunits  about 2-fold in  the  presence of E. coli 
IF-1  and  IF-2  (Table 11), and  each form appears  to be capable 
of functioning independently in this reaction. This result 
suggests that  IF&,l  has a role in  initiation  in  addition  to  its 
ribosome  dissociation  activity. Work by Hartz et al. ( 5 )  sug- 
gests  that E. coli IF-3  proofreads  the  codon-anticodon  inter- 
action between Wet-tRNAf  and  the AUG start codon and 
stabilizes  the  initiation complex. I t  is  not known whether  IF- 



































required to explore this possibility. 
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